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Impacts of Active Aerodynamic Sliding Vane on the
Aerodynamic and Noise Characteristics of Airfoils
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(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology,Shanghai, China, Post Code ;200093 ;
2. Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering, Shanghai, China,Post Code ;200093 )

Abstract: The dynamic stall phenomenon seriously affects the aerodynamic performance of the wind tur-
bine, while the arrangement of active aerodynamic sliding vanes on the leading edge of the airfoil can ef-
fectively improve the stall phenomenon. Therefore ,based on NACAQO12 airfoil , the impacts of aerodynam-
ic sliding vane on airfoil aerodynamic performance and noise characteristics are studied by the numerical
simulation method. The results show that the active aerodynamic sliding vane on the leading edge can ef-
fectively improve the aerodynamic performance of the airfoil during its pitch-up process. Compared to the
original airfoil ,the average lift coefficient of the aerodynamic sliding vane airfoil is increased by 24.2%
and the drag coefficient is reduced by 11. 7% . During the pitch-up process of airfoil, the aerodynamic
sliding vane can inhibit the leading edge separation vortex from moving to the trailing edge ,delay the fu-
sion of the leading edge and trailing edge separation vortexes,and prevent the separation vortex from fall-
ing off the airfoil surface. The aerodynamic sliding vane does not increase the airfoil noise level ,but it can
reduce the main frequency of the airfoil trailing edge pressure power spectrum; when the airfoil reduced

frequency is changed, the total sound pressure level of the aerodynamic sliding vane airfoil remains the
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same as the original airfoil.
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Fig. 1 Geometric diagram of airfoil structure
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Fig. 3 Calculation domain and boundary conditions

Kl 4 it A AR A . RS 2 ih P
RS, S PE RE I 2 Bl , SR RE TSR F DU Y
A2 WA, R IE T Ay " o0 1 S 1 2K
RS EE A 1.95 x 10~ m, SCHR[23 TRFSE % BRL, B} )
SRR At = 0. 01c/u I AT 55 I 32 e it i 7% 5
BRI o R AL B 25 KX EUE A AT 55
UEJG & B, 7RSSR AR 2 1 000 A5 45, A% L
Bk 258 400 I, THEEAE 5 S H W) & B HL 2
EE

4 HHEEMIESH

Fig.4 Grid distribution of calculation domain



5 4 1]

2 REABRFEHEHETE

2.1 FW-H &EZbi%

Ffowes Williams 1 Hawkings $ H} (175 2% He i 2
TR SE S e B — 2y Williams %
APHE Curle J7FESERE F 51 A Heaviside | X pR%K,
S FW-H A s e

Heaviside |~ X pREL N -
1,/(x, 0
Mﬂ={‘ﬂt>< 2)
0,/(x,t) >0

Sfla,t = 0) BEOAEERIHTTRE . f(x,) < 0 FH%
AT, fCo,t) > 0 Syl i b AR, ARG 5T A
Heaviside | SCpRAR, 5 FW-H AU FE 0 -

1ap

2
Coy 6t2

)T+ LT (o, +
ox;0x; Y at 0%n

plu, =008 1 = 2 Lpyn, +pu(u, = 0,)8(/)]

(3)

X g —7 3, m/s; p —HEU G R, Pay T, —
SEREAS IR I 1K 5 po oo — DA I AR 58 1
W, kg/m’ 5 o, — RS R A5 1, m/s;
w, —TE TR R LW WA B, m/s5 p, —
PREE T3 sh i, Pa; 8(f) —2KHL 5w R AL
2.2 HEEBEENSSH

K HI STAR CCM ™ /S sl 2 bl A 7R i,
Tl RS T AR /N B9 TR B B AT AR SR T
DES Ji fikE 8, 2455 750 8 3T BE T X IR P 25 5 Ik
BT R, A T R T 09 2 7 X SRR FH R TR AL

FEFLAVRANIE S, 2 TH R ) R A TRk
A, 5IAFET Lighthill 7538 b FW-H B HR 4
W 7S TR S 5. SRS A A Ko
5x1077 s, HAAI A A0 5% — R 5 5. M
TSRS ook 38 e 7 B S 7R Y R
1 0.5 c.c F12 ¢ AbAr AT B WIS A B .C, fE Y
FEZ T UF ¢.2 ¢ B3 ¢ AbAG B W 5 D EF, Nk 5
JIF 7R o

R T e LR DRe S Tl 155 -
c
B ©
N
Abrolo 3¢
Tg 2¢ |
.;.1 l
D E F
BS5 Bl=a2%

Fig. 5 Distribution of monitoring points

3 H#RHW

3.1 SEhikee

M NK T s o, R R A SIS, 1L
FZ GRS TS o B i, S EUR R LAY
SR 2URIBE AR RN G . R LR TR
MR TEHT S A & 33 R W R
BERET AR AL ANTE 2 PR . 6 R I AR 3 5 i 2k
SN B IE R 1. 5% ¢ B, — JE 351 P 3L 78
R 2B 2k

H11E 6 (a) HA] 0, 3 AL (Rl A8 ih < shi Bl
FERFAIZN SR G, B/ T 25° 0, Bl A
B, S shiE v EALTE ) RBOR H BLE(E HAS Wi
R BIEARIL AT ) 2B, PR/ ME ., 7
IR RSB R R ) 2R AR B A
A, XK 6(b) KM, KM A5, L
b rh 3 AYRH Sy 2R BT MR FEAR , (5T fRF e A P R
I F B KA = T I AR SA, SO AR/, BEL
FHCG EAGFEBAR LA BN R EUG 3 AL
B, R A a] A3 7 ) Rl 0. 579
HNZ 0.719 8255 24. 2% ; FH )1 2% HH 0. 229 J§i/)s
£ 0.202,F#(K 11.7% o [RIAS, XFERIEL 6 (¢) WA, 4
FAVET SR F B i, AV S Re ] el
TEREAMHN Iz shid B b, S shiE 7 BT RH e IR 26
e T TR AR S A X SR UL B R AR

AR BRI B RE



- 156 - Mo mE

B L T

2022 4

= TH b

PAWIES S (M

.5 1 1 . 1
140 145 150 1.55 1.60 1.65 1.70

ERTS
(a) FHHIREK
Bl al(°)
= TR ki
[ [
U’U
£
W&
R
=
140 145 150 155 160 1.65 1.70
ERTS
(b) LI R B
WM al(®)
sy TR ki
2 | |
150
10 P
« 05
2 9
%-ns
-10
-15
=20
_25 1 1 1 1 1
140 1.45 150 1.55 1.60 1.65 1.70
it E] ¢/s
(c) FHRHE

El 6 FEEN R ML
Fig. 6 Curves of lift drag coefficient

K7 AR, R [ 704 5 Ak

ARAl . T ALAL, B R A RO S 3R Y i %
I3 BT AR  A ve , DA T Bl 3R A R B PR RE . 2

JEAAELA A A 17, 4o, R Ak H 3 KT8 R 3
OYES T B A B AN AE BT 2 5 R % BN
IYERL, BT Ak SR N & 23, 9°, JR IR 3 Y

e O BT R Gk IR AT 7 A Y A S

T I A e DA T8 3 T 5, Ak P 32 ?F”B"Jﬂjj
FBCH BRI BRI, W0 S LR AT %)™ AR G 23
PP ) FR % A R, folt SRR WK g TG e 7 £ 9 /N S i
3R T3AIR I, 3R THEE ) R BOR UK R A2
o, PREFAI A RE o > 38 R I 22 e KU f (25°)
I, B R G o3 B i i 7 A AL TR
RBRZS , PERE R R 3B MR AR R, I
FHIZIR N Y phy R BRSNS KRR E

-1000  -760  -520 280 40 200
_[IFNNNREE £ J1/Pa

152°%)

(b) BHHE FRA

(a) FIRFEY

EH7 ARNAERFABEENZERRLZ
Fig.7 Contours and streamlines of pressure

around airfoil at diffetent AOAs



5 4 1]

il % 7% , 55« T3l a0l Aoxr 38 80 < 5l S g R P S M 5 - 157 -

3.2 SEBREHE

SR FiT SR B B Jm J8 BB 2 s oA
AP R AR A, T RE BT T RS EOIA AL, T AL
W s F3 R BIRE K s o IR, AT < shilg A
XA FE BPIRZST B A Bh R 7= LR R

P 8 Sl 3 5 R sl 3 R s sl
PN (A, B, C, D, B, F) 8 Fl— A i 01 B s
Fedk. il 8 Al B a3 S RS < sh i A
FARMOR A R S IEA RS — 2, R
T B Rk WA A B C RS R R
SE I BRI N, e n /N T B R

ER B A A R B AR B 4 M 0 A B
BRI, 7 IR ST URIZ Wi/ )N, 1 PP 35 1A% 7
AR 2 A RE AR, 3 E0H IR B

TEPIFP 3L R IEAL , S BRAE T 2 kHz i, 75
PR E G 1 18] M I A 7 T G A B — 2,
AR T 2 kHz i, [R5 A A 0 3 ARz 3l
£ NN o=t S NS NE R 2 T U=t S [ N
AT 5 TR g B 7 s 20 BT S e 3, R Bl
PR JRUR 3R R IR s A S R et el
i, RS ARG INAS [R5 R 3R B 7 TR 2
H5 a3 AR — 2

— JRIRRA

SR fIkHz
(a) BEI A

R fIkHz
(b) HEM S B

AR ERfIkHz
(c) M K C

4 6 10
BRfIkHz B f/kHz B fIkHz
(d) ¥ gD (e) M SE (f) W g3 F

8 AREMENREER

Fig. 8 Sound pressure levels at different monitoring points

SR B R 5 R B o A DA 5
9O 25 T AN [ S Ak DG 35 5 S Bl T A
F I3 sk . P 9 al e BT sl AL
I AR I AR T s R 3 A, H e
TERIRBE o Xof BT 32k ) L M I A B o s 00 B 25
G, PP R B AR BRI W A M AT C
Ak, B RAEIIN T 40% o [RIIS 2 B, S 38 78 32 030
YA S, 1l T REh i Ao AR s T 3 ALY

GRS s AL, A — A~ T4, HA5 lsh
EWRFF— 2 X HERIY RSk i im0, PR B
Fr ISRy B i A L , (il FE 4k e 8 kA I
SO TSR AR T IR AR S R, sl
Pl T AR SRR T sl FA, (8 AR i
LSOl VAN N vE:ARY N S AT i by gl
R T L HESE IS A T/ i B
Y i (AR, BT SE S 2R T A



158 #wom s o TO® 2022 4E
120
— FRE - S 100/} — FUARE - KWK T RRRE AW
= 80 i
b b
I 60 $in
= 40 R
20
05100 150 200 ° 50 100 150 200 50 100 150 200
SR fIkHz SR fIkHz B fkHz
(a) e fRA b) Yl 5B (c) M C
1600 250 120
14009 — R - S — BRI - S — R - S

0
0 H
4 AL Mwp A a W LAY R T IR 0 MO MAMMA 0 1
0 50 100 150 200 0 50 100 150 200 50 100 150 200
ﬁ%f/kHz }bﬁ%ﬁf/kHz ﬁ$ﬂkHz
(d) ¥ D (e) W HE f) WA F
B9 A[E SN EE DT E
Fig. 9 Pressure spectrum diagrams at different monitoring points
FRUFHM Iz Shad B b, TR NS BTG R k *Fﬁmzﬁwﬁﬁlﬁ AFFTEET R4 A W I RS
AR AR B 0 K R E o AR, R PR T I LR 3 A T i 25 e ) Ak, 9 e B
RPN SX] FERB SRR R F—EE%FHXﬁ UE , I 5 I IR B SR TR A IR
k = we2u (4) —E,
S o FARK  m s u— W /s, ‘
4 &

R R HEBURE & MR T, & I A
IR
x1 AEMEMETERRSESR(B)
Tab. 1 Total sound pressure level of airfoil at

different reduced frequencies(dB)

— KB R JE R 3R Y

k=0.025 k=0.05 k=0.1 k=0.025k=0.05 k=0.1
A 8818 9130 88.39 88.49 §7.21  86.84
B 78.89 80.17 77.67 78.32 77.08  76.71
C 7010 70.04 66.82 69.96 67.27  66.31
D 68.49 68.36 67.88 69.23 68.95  68.62
E  58.53 58.43 57.89 58.88 58.63  58.38
F 5251 5236 5178 52.81  52.41  52.13

HIZR 1 Al g0, AR 3 Y, Bl i 7 3R

I AR BRI R H B E AE A Bl i i 3 7
Pra ARG, S5 TR WA FR AT, 43R 2

AR SCR FHBUE RN T 5, 0 Bl 2 < sl vt
FAULEN I 33 7 b A3l S M S e M 0 5 ), 45
WIF

(1) BEAFHNAZ Byl B v, 38 Ak T K I
I, B2 S hiT e A ROm il o g - 5k A
BUHE 28 53 15 % DA B R o T IOt v, el 3 R ) T
Yoy i o

(2) KBhiy vl s 3 AV B S8 2B AL
P AN A/INT 250 m), K Bhil R AT ) R AL
A PRTRFFBRRE , By R AR T I ah 380 A e

REL, — NS i i 3RS T ) R AR
B 24.2% B0 ZBEAR 11.7% .

(3) BAVFTZAG BB, AL B
SEMER /N AN [R) WA i b P R 78 ﬂsi%ﬁé%—ﬁl

(4) RS R Ja, OB T2 3435 3



5 4 1]

il % 7% , 55« T3l a0l Aoxr 38 80 < 5l S g R P S M 5

- 159 -

AL U X HEA 4 2 0K T, S8 15 7
9, SRS R BT AR ITITSK, W
FOKF (I B

SE

(1]

(5]

[10]

[11]

[12]

MOHAMED O S,IBRAHIM A A,ETMAN A K, et al. Numerical
investigation of Darrieus wind turbine with slotted airfoil blades
[J]. Energy Conversion and Management,2020,5 :100026.
ZHU C,CHEN J, WU J, et al. Dynamic stall control of the wind
turbine airfoil via single-row and double-row passive vortex genera-
tors[ J]. Energy,2019,189 . 116272.
YANG Y,LI C,ZHANG W F et al. Investigation on aerodynamics
and active flow control of a vertical axis wind turbine with flapped
airfoil[ J]. Journal of Mechanical Science & Technology,2017,31
(4) :1645 - 1655.
GHASEMIAN M, NEJAT A. Aerodynamic noise prediction of a
horizontal axis wind turbine using improved delayed detached eddy
simulation and acoustic analogy[ J]. Energy Conversion and Man-
agement ,2015,99 ; 210 —220.
PENG H Y,LAM H F,LIU H J. Power performance assessment of
H-rotor vertical axis wind turbines with different aspect ratios in
turbulent flows via experiments[ J]. Energy,2019,173:121 - 132.
MR, A A, TEITL, 4. O N I 20 40 2 hl (LT
FELT]. AL T AR, 2019,39(2) :536 - 542.
HAO Wen-xing, LI Chun, DING Qing-wei, et al. Numerical study
on flow separation control of adaptive flap[ J]. Proceedings of the
CSEE,2019,39(2) : 536 —542.
LI Q S,SHU Z R, CHEN F B. Performance assessment of tall
building-integrated wind turbines for power generation[ J ]. Applied
Energy,2016,165; 777 - 788.
ZHU H T,HAO W X, LI C,et al. A critical study on passive flow
control techniques for straight-bladed vertical axis wind turbine
[J]. Energy,2018,165; 12 -25.
BIANCHINI A,BALDUZZI ¥,DI R D, et al. On the use of Gurney
flaps for the aerodynamic performance augmentation of Darrieus
wind turbines [ J ]. Energy Conversion and Management, 2019,
184 . 402 -415.
POST M L,CORKE T C. Separation control using plasma actua-
tors: dynamic stall vortex control on oscillating airfoil[ J]. ATAA
Journal ,2006,44 (12) . 3125 -3135.
MULLER V,HANNS F,NAYERI C N, et al. Dynamic stall con-
trol via adaptive blowing [ J]. Renewable Energy, 2016, 97
47 - 64.
AR, SRR, R, A W IR A A e X 3l 2k R R Y

[13]

[14]

[15]

[16]

[17]

[18]

RAUWFFE [J]. LB T RE= 4, 2019,55(24) 1203 - 209.

ZHAO Zhen-yu,SU De-cheng, WANG Tong-guang, et al. Simula-
tion study on the effect of vortex generators on dynamic stall[ J].
Journal of Mechanical Engineering,2019,55(24) :203 —209.
VERIES ORI e, TR, 8. 2 T 58 AT 2R B A Ji 32 3 Y
ShASIHAMHI[J]. A4 ,2017,38(6) :86 - 98.

XU He-yong, XING Shi-long, YE Zheng-yin, et al. Dynamic stall
suppression for rotor airfoil based on inflatable leading edge tech-
nology [ J]. Acta Aeronautica et Astronautica Sinica, 2017, 38
(6): 86 -98.

apERAE A AR, IRAR, S BEHTGON R ) 5t fE
SR BE AT )] $ARE ) 71 T2 ,2019,34(9) .57 - 66.
Z0U Jing-hua, LI Chun,BU Qing-dong, et al. Numerical analysis
on dynamic aerodynamic performance of airfoil leading edge[ J].
Journal of Engineering for Thermal Energy and Power,2019,34
(9): 57 -66.

GHASEMIAN M, ASHRAFI Z N, SEDAGHAT A. A review on
computational fluid dynamic simulation techniques for Darrieus
vertical axis wind turbines[ J]. Energy Conversion and Manage-
ment,2017,149 ; 87 - 100.

7, XN R U 0y 28 38 80 3 1 B B WS AR AT Y
[J]. TR BEAEHE,2015,36 (12) :2629 -2632.

LI Dian, LIU Xiao-ming. Numerical study on aerodynamic per-

formance and noise characteristic of several bionic airfoils[ J].

Journal of Engineering Thermophysics, 2015, 36 ( 12 ).
2629 -2632.

BN, FE 2 R, SR ISR OR X S ) MR RE
[ ]. EESN 5 TR, 2019,34(7) 1142 — 151.

ZHAN Zong-zhou, YE Zhou, LI Chun, et al. Influence of modifica-
tion of leading edge on aerodynamic noise characteristics of airfoil
[ J]. Journal of Engineering for Thermal Energy and Power,2019 ,
34(7) . 142 - 151.

g, 2 B SCR, 55 S TR X 3 A R gl B
PERYREI[)]. AP EPL TR, 2019,30(12) 11409 — 1416.
YUE Min-nan, LI Chun, HAO Wen-xing, et al. Effects of flap on
aerodynamic and noise characteristics of airfoil [ J ]. China Me-
chanical Engineering,2019,30(12) . 1409 - 1416.

FEMMN it S, SRR A, S5 XS BBl R 5 5 S Bl R 7 R
EOFFELI]. 31 T4 2018 ,38 (11) :925 -933.

ZHAN Zong-zhou, YE Zhou, ZHANG Jun-wei, et al. Numerical
study on aerodynamic noise of asymmetric airfoil with blunt trai-
ling edge[ J]. Journal of Chinese Society of Power Engineering,

2018,38(11) . 925 —933.

(%5 165 W)



